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(57) A flexible microwave antenna assembly for a 

surgical ablation instrument capable of confonming to a 
tissue surface for ablation thereof. The ablation 
instrument includes a transmission line having a 
proximal portion suitable for connection to an 
electromagnetic energy source. The antenna assembly 
includes a flexible antenna coupled to the transmission 
line for radially generating an electric field 
sufficiently strong to cause tissue ablation. A 
flexible shield device is coupled to the antenna to 
substantially shield a surrounding area of the antenna 
from the electric field radially generated therefrom 
while pemriitting a majority of the field to be directed 
generally In a predetermined direction. A flexible 
insulator is disposed between the shield device and the 
antenna which defines a window portion enabling the 
transmission of the directed electric field in the 



predetermined direction. The antenna, the shield device 
and the insulator are formed for selective manipulative 
bending thereof, as a unit, to one of a plurality of 
contact positions to generally conform the window 
portion to the biological tissue surface to be ablated. 
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Description 

BACKGROUND OF THE INVEN^N 

1 . Field of Invention 

[0001] The present invention relates, generally, to ablation instnjment systems that use electromagnetic energy 
in the microwave frequencies to ablate internal bodily tissues, and. more particularly, to antenna arrangements and 
instrument construction techniques that direct the microwave energy in selected directions that are relatively 
closely contained along the antenna. 

2. Description of the Prior Art 

[0002] It is well documented that atrial fibrillation, either alone or as a consequence of other cardiac disease, 
continues to persist as the most common cardiac an^hythmia. According to recent estimates, more than two million 
people in the U.S. suffer from this common antiythmia. roughly 0.15% to 2.0% of the population. Moreover, the 
prevalence of this cardiac disease increases with age, affecting nearly 8% to 17% of those over 60 years of age. 
[0003] Atrial arrhythmia may be treated using several methods. Phamriacological treatment of atrial fibrillation, 
for example, is initially the preferred approach, first to maintain nonnal sinus rhythm, or secondly to decrease the 
ventricular response rate. Other forms of treatment include chemical cardioversion to normal sinus rhythm, electrical 
cardioversion, and RF catheter ablation of selected areas determined by mapping. In the more recent past, other 
surgical procedures have been developed for atrial fibrillation, including left atrial isolation, transvenous 
catheter or cryosurgical ablation of His bundle, and the Corridor procedure, which have effectively eliminated 
irregular ventricular rhythm. However, these procedures have for the most part failed to restore nonnal cardiac 
hemodynamics, or alleviate the patient's vulnerability to thromboembolism because the atria are allowed to continue 
to fibrillate. Accordingly, a more effective surgical treatment was required to cure medically refractory atrial 
fibrillation of the heart. 

.[0004] On the basis of electrophysiologic mapping of the atria and identification of macroreentrant circuits, a 
surgical approach was developed which effectively creates an electrical maze in the atrium (i.e., the MAZE procedure) 
and precludes the ability of the atria to fibrillate. Briefly, in the procedure commonly referred to as the MAZE III 
procedure, strategic atrial incisions are peri'ormed to prevent atrial reentry and allow sinus impulses to activate 
the entire atrial myocardium, thereby preserving atrial transport function postoperatively. Since atrial fibrillation 
is characterized by the presence of multiple macroreentrant circuits that are fleeting in nature and can occur 
anywhere in the atria. It is prudent to inten^upt all of the potential pathways for atrial macroreentrant circuits. 
These circuits, incidentally, have been identified by intraoperative mapping both experimentally and clinically in patients. 
[0005] Generally, this procedure includies the excision of both atrial appendages, andjthe electrical isolation 
of the pulmonary veins. Further, strategically placed atrial Incisions not only intenrupt the* conduction routes of 
the common reentrant circuits, but they also direct the sinus impulse from thel sinoatrial node to the 
atrioventricular node along a specified route. In essence, the entire atrial myocardium, with the exception of the 
atrial appendages and the pulmonary veins, is electrically activated by providing for multiple blind alleys off the 
main conduction route between the sinoatrial node to the atrioventricular node. Atrial transport function is thus 
preserved postoperatively as generally set forth in the series of articles: Cox, Schuessler, Bolneau, Canavan, Cain, 
Lindsay, Stone. Smith. Con-. Change, and D'Agostino, Jr.r/ie Surgical Treatment Atrial Fibrillation (pts. 1-4), 101 
THORAC CARDIOVASC SURG., 402-426, 569-592 (1991). 

[0006] While this MAZE III procedure has proven effective in ablating medically refractory atria! fibrillation 
and associated detrimental sequelae, this operational procedure is traumatic to the patient since substantial 
incisions are introduced into the interior chambers of the heart. Consequently, other techniques have thus been 
developed to interrupt and redirect the conduction routes without requiring substantial atrial incisions. One such 
technique is strategic ablation of the atrial tissues through ablation catheters. 

[0007] Most approved ablation catheter systems now utilize radio frequency (RF) energy as the ablating energy 
source. Accordingly, a variety of RF based catheters and power supplies are currently available to 
electrophysiologists. However, radio frequency energy has several limitations including the rapid dissipation of 
energy In surface tissues resulting in shallow "burns" and failure to access deeper arrtiythmic tissues. Another 
limitation of RF ablation catheters Is the risk of clot formation on the energy emitting electrodes. Such clots have 
an associated danger of causing potentially lethal strokes in the event that a clot is dislodged from the catheter. 
[0008] As such, catheters which utilize electromagnetic energy in the microwave frequency range as the ablation 
energy source are currently being developed. Microwave frequency energy has long been recognized as an effective 
energy source for heating biological tissues and has seen use in such hyperthermia applications as cancer treatment 
and preheating of blood prior to infusions. Accordingly, in view of the drawbacks of the traditional catheter 
ablation techniques, there has recently been a great deal of interest in using microwave energy as an ablation energy 
source. The advantage of microwave energy is that it is much easier to control and safer than direct cun-ent 
applications and it is capable of generating substantially larger lesions than RF catheters, which greatly simplifies 
the actual ablation procedures. Such microwave ablation systems are described in the U.S. Patent Numbers 4,641,649 
to Walinsky; 5,246,438 to Langberg; 5,405,346 to Grundy, et al.; and 5,314,466 to Stem, et al, each of which is 
incorporated herein by reference. 




[0009] Most of the e)^^^B microwave ablation catheters contemplate the ^^^| longitudinally extending helical 
antenna coils that direct ^^ilectromagnetic energy in a radial direction thl^^'generaliy perpendicular to the 
longitudinal axis of the catheter although the fields created are not well constrained to the antenna itself. 
Although such catheter designs work well for a number of applications, such as radial output, they are inappropriate 
for use in precision surgical procedures. For example, in MAZE III surgical procedures, very precise and strategic 
lesions must be formed in the heart tissue which the existing microwave ablation catheters are incapable of delivering. 
[0010] Consequently, microwave ablation instruments have recently been developed which incorporate microwave 
antennas having., directional reflectors. Typically, a tapered directional reflector is positioned peripherally around 
the microwave antenna to direct the waves toward and out of a window portion of the antenna assembly. These ablation 
Instruments, thus, are capable of effectively transmitting electromagnetic energy in a more specific direction. For 
example, the electromagnetic energy may be transmitted generally perpendicular to the longitudinal axis of the 
catheter but constrained to a selected angular section of the antenna, or directly out the distal end of the 
instrument. Typical of these designs are described in the U.S. Patent Application S/Ns: 09/178,066, filed October 23, 
1998; and 09/333,747. filed June 14. 1999. each of which Is incorporated herein by reference. 

[0011] In these designs, the of the microwave antenna is preferably tuned assuming contact between the targeted 
tissue and a contact region of the antenna assembly extending longitudinally adjacent to the antenna longitudinal 
axis. Hence, should a portion of, or substantially all of, the exposed contact region of the antenna not be in 
contact with the targeted tissue during ablation, the adaptation of the antenna will be adversely changed and the 
antenna will be untuned. As a result, the portion of the antenna not in contact with the targeted tissue will radiate 
the electromagnetic radiation into the surrounding air. The efficiency of the energy delivery into the tissue will 
consequently decrease which in turn causes the penetration depth of the lesion to decrease. 

[0012] This Is particularly problematic when the tissue surfaces are substantially curvilinear, or when the 
targeted tissue for ablation is difficult to access. Since these antenna designs are generally relatively rigid, it 
is often difficult to maneuver substantially all of the exposed contact region of the antenna into abutting contact 
against the targeted tissue. In these instances, several ablation instruments, having antennas of varying length and 
shape, may be necessary to complete just one series of ablations. 

SUMMARY OF THE INVENTION 



[0013] Accordingly, a flexible microwave antenna assembly is provided for a surgical ablation instrument adapted 
to ablate a surface of a biological tissue. The ablation instrument includes a transmission line having a proximal 
portion suitable for connection to an electromagnetic energy source. The antenna assembly includes a flexible antenna 
coupled to the transmission line for radially generating an electric field sufficiently strong to cause tissue 
ablation. A flexible shield device is coupled to the antenna to substantjially shield a surrounding area of the 
antenna from the electric field radially gienerated while permitting a majority of the field to be directed , 

generally; in a. predetermined direction. . A fjexible^ i betyyeen the sfhield device and the antenna 

vyhich , defines a window pprtipn enabling directed electric field in the predetermined , 

direction. In accordance with the present shield device and the insulator are formed foK 

selective manipulative bending thereof, as a unit, to one of ^ plurality of contact positions to generally conform 
the window portion to the biological tissue surface to be ablated. 

[0014] In one configuration, a longitudinal axis of the antenna is off-set from a longitudinal axis of the 
insulator to position the antenna substantially proximate to and adjacent the window portion. The shield device is in 
the shape of a semi-cylindrical shell having a longitudinal axis generally co-axial with a longitudinal axis of the insulator. 
[0015] In another embodiment, the insulator defines a receiving passage formed for sliding receipt of the 
antenna longitudinal therein during manipulative bending of the antenna assembly. Moreover, a polyimide tube device 
may be positioned in the receiving passage proximate the distal end of the antenna. The tube provides a bore formed 
and dimensioned sliding longitudinal reciprocation therein of at least the distal end of the antenna. 
[0016] Another embodiment of the present invention provides an elongated, bendable, retaining member adapted 
for longitudinal coupling therealong to the insulator. This bendable retaining member enables the insulator to retain 
the one contact position after manipulative bending thereof for the conformance of the window portion to the biological 
tissue surface to be ablated. The retaining member is preferably disposed longitudinally along the insulator, and on 
one the of the shield device, while the antenna is preferably disposed on an opposite side of the shield device, 
longitudinally along the insulator, and between the shield device and the window portion. 

[0017] In another aspect of the present invention provides a microwave ablation instrument, adapted to ablate a 
surface of a biological tissue, is provided having a handle member formed for manual manipulation of the ablation 
instrument. An elongated transmission line is provided coupled to the handle member. A proximal portion of the 
transmission line is suitable for connection to an electromagnetic energy source. The ablation instrument further 
includes a flexible antenna assembly coupled to the handle member which is formed for selective manipulative bending 
thereof. The antenna assembly includes a flexible antenna coupled to the transmission line for radially generating an 
electric field sufficiently strong to cause tissue ablation. A flexible shield device of the antenna assembly is 
employed to substantially shield a surrounding radial area of the antenna from the electric field radially generated 
therefrom, while permitting a majority of the field to be directed generally in a predetermined direction. A flexible 
insulator is disposed between the shield device and the antenna, and defines a window portion enabling the 
transmission of the directed electric field in the predetermined direction. The antenna, the shield device and the 
insulator are formed for selective manipulative bending thereof, as a unit, to one of a plurality of contact 



positions to generally conform tt^^Bdow portion to the biological tissue surface to b^^Bbd. 

[0018] In this configuratio^^P ablation instrument may include a bendable, i^|P>^le shaft having a proximal 
portion coupled to the handle member, and an opposite a distal portion coupled to theantenna assembly. The shaft is 
preferably a semi-rigid coaxial cable, but may also include a tubular shaft where the transmission line may be 
disposed therethrough from the proximal portion to the distal portion thereof. The shaft is preferably conductive 
having a distal portion conductively coupled to the proximal end of the shield device, and another portion 
conductively coupled to the outer conductor of the transmission line. 

[0019] In another embodiment, a restraining sleeve is adapted to limit the bending movement of the bendable 
antenna assembly at the conductive coupling between the shield device and the shaft. The restraining sleeve is formed 
and dimensioned to extend peripherally over the conductive coupling to limit the bending movement in a predetermined 
direction to maintain the integrity of conductive coupling. The restraining sleeve includes a curvilinear transverse 
cross-sectional dimension extending past the conductive coupling longitudinally therealong by an amount sufficient to 
maintain the integrity. 

[0020] In stilt another configuration, an elongated grip member is included having a distal grip portion and an 
opposite proximal portion coupled to a distal portion of the antenna assembly. The grip member and the handle member 
cooperate to selectively bend the antenna assembly and selectively urge the window portion in abutting contact with 
the biological tissue surtace to be ablated. The gripping member is preferably provided by an elongated flexible rod 
having a diameter smaller than a diameter of the insulator. A longitudinal axis of the flexible rod is off-set from 
the longitudinal axis of the insulator to position the rod in general axial alignment with the antenna, and adjacent 
the window portion. 

[0021] In still another aspect of the present invention, a method is provided for ablating medically refractory 
atrial fibrillation of the heart including the step of providing a microwave ablation instrument having a flexible 
antenna assembly adapted to generate an electric field sufficiently strong to cause tissue ablation. The antenna 
assembly defines a window portion enabling the transmission of the electric field therethrough in a predetermined 
direction. The method further includes selectively bending and retaining the flexible antenna assembly in one of a 
plurality of contact positions to generally conform the shape of the window portion to the targeted biological tissue 
surface to be ablated, and manipulating the ablation instrument to strategically position the conformed window 
portion into contact with the targeted biological tissue surface. The next step includes forming an elongated lesion 
in the targeted biological tissue surface through the generation of the electric field by the antenna assembly. 
[0022] These bending, manipulating and generating events are preferably repeated to form a plurality of 
strategically positioned ablation lesions. Collectively, these lesions are formed to create a predetermined 
conduction pathway between a sinoatrial node and an atrioventricular node of the heart. 

BRIEF DESCRIPTION OF THE DRAWINQ3 

■ [0023] The assembly oT the present invention has other objects, and features of advantage, which will be more 
• readily apparent from the following description of the best mode of. carrying out the invention and the appended 
claims, when taken in conjunction with the accompanying drawing, in which: 

FIGURE 1 is a diagrammatic top plan view of a microwave ablation instrument system with a bendable directional 
reflective antenna assembly constructed in accordance with one embodiment of the present invention. 

FIGURE 2 is an enlarged, fragmentary, top perspective view of the antenna assembly of FIGURE 1 mounted to a 
distal end of a handle member of the ablation instrument. 

FIGURE 3 is an enlarged, fragmentary, top perspective view of the antenna assembly of FIGURE 1 illustrated in a 
bent position to conform to a surface of the tissue to be ablated. 

FIGURE 4 is an enlarged, fragmentary, top perspective view of the antenna assembly of FIGURE 2 illustrated in 
another bent position to conform to a surface of the tissue to be ablated. 

FIGURE 5 is an enlarged, fragmentary, top plan view of the antenna assembly of FIGURE 2 Illustrating movement 
between a normal position (phantom lines) and a bent position (solid lines). 

FIGURE 6 is a fragmentary side elevation view of the antenna assembly of FIGURE 5. 

FIGURE 7 is an enlarged, front elevation view, in cross-section, of the antenna assembly taken substantially 
along the plane of the line 7-7 in FIGURE 6. 

FIGURE 8 is an enlarged, fragmentary, side elevation view of the antenna assembly of FIGURE 2 having a 
restraining sleeve coupled thereto. 

FIGURE 9 is an enlarged, front elevation view, in cross-section, of the antenna assembly taken substantially 
along the plane of the line 9-9 in FIGURE 8. 



FIGURE 10 is a diagrammatic top plan view of an alternative embodiment microwave ablation instrument system 



ceo^ragi 



constructed in accordaj^^Hh one embodiment of the present invention. ^^M) 




FIGURE 1 1 is a reducedrTragmentary, top perspective view of the antenna assembly of FIGURE 10 illustrated in a 
bent position to conform to a surface of the tissue to be ablated. 

FIGURE 12 is a reduced, fragmentary, top perspective view of an altemative embodiment antenna assembly of 
FIGURE 10 having a flexible handle member. 



DETAILED DESCRIPTION OF THE INVENTION 

[0024] While the present invention will be described with reference to a few specific embodiments, the 
description is illustrative of the invention and is not to be construed as limiting the invention. Various 
modifications to the present invention can be made to the preferred embodiments by those skilled in the art without 
departing from the true spirit and scope of the invention as defined by the appended claims. It will be noted here 
that for a better understanding, like components are designated by like reference numerals throughout the various 
Figures. 

[0025] Turning now to FIGURES 1-4. a microwave ablation instrument, generally designated 20, is provided which 
is adapted to ablate a surface 21 of a biological tissue 22. The ablation Instrument 20 includes a handle member 23 
formed to manually manipulate the instrument during open surgery. An elongated transmission line 25 is 
provided coupled to the handle member 23 at a distal portion thereof, and having a proximal portion suitable for 
connection to an electromagnetic energy source (not shown). The ablation instrument 20 further includes a flexible 
antenna assembly, generally designated 26, coupled to the handle member 23 and to the transmission line 25 to 
generate an electric field. The antenna assembly 26 is adapted to transmit an electric field out of a window portion 
27 thereof in a predetermined direction sufficiently strong to cause tissue ablation. The antenna assembly is further 
formed for selective manipulative bending to one of a plurality of contact positions (e.g., FIGURES 3 and 4) to 
generally conform the window portion 27 to the biological tissue surface 21 to be ablated. 

[0026] More specifically, the flexible antenna assembly 26 includes a flexible antenna 28 coupled to the 
transmission line 25 for radially generating the electric field substantially along the longitudinal lenglti thereof. 
A flexible shield device 30 substantially shields a surrounding radial area of the antenna wire 28 from the electric 
field radially generated therefrom, while pennitting a majority of the field to be directed generally in a 
predetermined direction toward the window portion 27. A flexible insulator 31 is disposed between the shield device 
30 and the antenna 28, and defines the window portion 27 enabling the transmission of the directed elecbic field in 
. the predetermined direction. The antenna 28, the shield device, 30 and the insulator 3t are formed for selective 
• manipulative bending thereof, as a unit, to one of|,a plui;ality pf.^^coqtgct ppsitipris to gerieraljy.confomi the window 
-pprtipn27to the:biologicaltisSMesurface,2(i»t^ '.r! 7t 

[0027] Accordingly, the microwave ablatiori jnstnjmeht of the pr^s^ invention enables" manipuiatiye bending of 
:the ^antenna assembly to conform the windpw/pprtion to the; bipjogical; tissue surface to be- ablat this ensures a 
greater degree of contact between the elongated window porlidn . ^lid the targeted tissue, this is imperative to 
maintain the radiation efficiency of the antenna, and thus, proper tuning for more efficient microwave transmission. 
Such manipulative bending also substantially increases the versatility of the instrument since one antenna assembly 
can be configured to conform to most tissue surfaces. 

[0028] Briefly, the ablation instrument 20 includes a handle member 23 coupled to the antenna assembly 26 
through an elongated tubular shaft or semi-rigid coaxial cable, hereinafter referred to as shaft 32. By manually 
manipulating the handle, the window portion 27 of the antenna assembly 26 may be oriented and positioned to perform 
the desired ablation. As mentioned, the shaft 32 is preferably provided a semi-rigid coaxial cable or by a conductive 
material such as a metallic hypotube which is mounted to the components of the antenna assembly 26 throi^ brazing 
paste, welding or the like, as will be discussed. Accordingly, when the shaft 32 is provided by the semi-rigid 
coaxial cable, the braided outer conductor 29 of the semi-rigid coaxial cable 32, peripherally surrounding *ie center 
conductor 33, is preferably conductively coupled to the outer conductor of the transmission line 25. Smteriy, the 
inner conductor 33 of the semi-rigid coaxial cable 32 is conductively coupled to the inner conduekir of the 
transmission line 25. 

[0029] In contrast, when the shaft 32 is provided by the tubular, such as a conductive hypotubi^frie solid 
cylindrical shell outer conductor 29 thereof is preferably conductively coupled to the outer conduete of the 
transmission line 25. In this configuration, the inner conductor and the insulator of the transmission is extend 
through the cylindrical shell outer conductor 29 of the conductive hypotube 32 to provide the inner coniuctor 33 
thereof. In this manner, the metallic hypotube itself functions as the outer conductor of the transmissoi line 25 
for shielding along the length of the shaft. 

[0030] Moreover, the shaft 32, whether the hypotube or the semi-rigid coaxial cable, is preferably beofeble and 
malleable in nature to enable shape reconfiguration to position the antenna assembly at a desired ••entation 
relative the handle. This permits the surgeon to appropriately angle the window portion toward the taigded region 
for tissue ablation. It will be appreciated, however, that the material of the shaft 32 is further suffiewtly rigid 
so that the shaft is not easily deformed during operative use. Such materials for the hypotube, for exangb, include 
stainless steel or aluminum having diameters ranging from about 0.090 inches to about 0.200 incheswith wall 
thickness ranging from about 0.010 inches to about 0.050 inches. When the semi-coaxial cable is appliedailfie shaft 



32 the outer diameter of the^r conductor ranges from about 0.090 inches t|gttput 0 200 inches, with wall 
?hikness r^,ging from about dMnches to about 0.050 inches: while the inner coHr includes a diameter in the 
range of about 0.01 0 inches to eiWRt 0.050 inches. 

[0031] The transmission line 25 is typically coaxial, and is coupled to a power supply '^^^^^^^ 
connector 35 (FIGURE 1). As best illustrated in FIGURES 2 and 5-7. the microwave ablation instrument 20 generally 
connecior JO ^^l<Ju^ic r^o . , ^ ,.or,tor/-nnHi irtnr M of transmission line 25. 



SeT^n ^1 ^^^^^^^^^^ 

These linear wire antennas radiate a cylindrical electric field pattern consistent with lengm ttweof K wiM 
be apprecTated. however, that the antenna may be any other configuration, as well, such as a helK^al or coiled antenna^ 
100321 The electrical interconnection between the antenna wire 28 and the distal end of the center conductor 33 
Inav be made in any suitable manner such as through soldering, brazing, ultrasonic welding or adhesive bonding 
M??eover thi antenna wire 28 may be an extension of the center conductor of the transmission line itself which has 
Kldv^ntage of forming a more nigged connection therebetween. Typically, the antenna wire 28 is composed of any 
suitable material, such as spring steel, beryllium copper, or silver-plated copper. 

r00331 As will be discussed in greater detail below, the diameter of the antenna wire may vary to some exlen 
based on the particular application of the Instmment. By way of example, an instrument suitable for use in an atnal 
fiSion appSion may' have typical diameter in the range of approximately 0.005 ^^^^^^ inches. More 
preferably, the diameter of antenna wire may be in the range of approximately 0.01 3 to 0.020 inches 
r00341 The antenna 28 is designed to have a good radiation efficiency and to be electncally balanced. 
Conseauently the energy delivery efficiency of the antenna is increased, while the reflected microwave power is 
decreased which i^t^^^ reduces the operating temperature of the transmission line Moreover, the radiated 
Somagnetic fie d is substantially constrained from the proximal end to the distal end of the antenria^ Thus «^e 
fiSd eSs substantially radially perpendicularly to the antenna and is fairiy well constrained to the tength of the 

rhirTn^nSnr'"^^^^^^ ^"^"9 -^'^«-- '-♦-"^^"^ "^^^'"^ '^^'^'^ 

characteristics can be fabricated by building instruments with different length antennas. 

r00351 Briefly, the power supply (not shown) includes a microwave generator which may take any conventional 
fomi When using microwave energy for tissue ablation, the optimal frequencies are generally in tl^e n^ighbortK)^^ 
theopttmal frequency for heating water. By way of example, frequencies in the range of approximately 800 MHz to 6 
GHz wo* weH Cun-ently the frequencies that are approved by the U.S. Food and Dmg Administration for expenmertal 
diS w^Sra giTwrn and 2.45 GHz. Therefore, a power supply having the capacity to generate microwave eneigy 
atSuendes fn tl^e neighborhood of 2.45 GHz may be chosen. A conventional magnetron of the type commonly used 
fn rrtcrowa>^l ovenl^ as the generator. It should be appreciated, however, that any other suitable microwave 

• Sj^er^u^^^ (^)u"d ^ substituted in its place, and that the explained concepts may be applied at other frequenaes 
like about 434 MHz, 915 MHz or 5.8 GHz (ISM band). 

roo361 Referring back to FIGURES 1-5. the microwave ablation instmment 20 of the, present i^ventipri, will toe 

described in detail As above-mfentioned. the antenna wire 28. the shield device 30 and . the, insulator 31=pfjh^. 
anfenna arsembfy cooperate, as'^a unit, to enable selective manipulative bending 

contact positions to gerterally conforni the window portion 27 to the biological tissue surface 21 tp be ablated. Th^.. 
RGuSeS IS 4 illustrate L particular contact positions whero the window portion 27 may be configured to rj^^n 
contact for substantially curvilinear tissue surfaces 21. Consequently, due to the proper impedance -Thatching b^een 
S?e medium of the insulator 31 and that of the biological tissue, contact therebetween along the window portion 27 is 
necessary to maintain the radiation efficiency of the antenna. , , »h« 

r00371 As above-mentioned, a flexible shield device 30 extend substantially along the length of the antenna 
substantially parallel to the longitudinal axis of the antenna in a normal unbent position (shown in solid lines in 
FIGURE 2 and phantom lines in FIGURE 5). 

r00381 The shield device 30 is formed and dimensioned to shield selected surrounding areas radially about fte 
antenna wire 28 from the electric field radially generated therefrom, while reflecting the field and permrtfing fce 
oassaae of The fie d generally in a predetermined direction toward the strategically located window portion 27 of*e 
Tnsulator 31 As best^vlewed in FIGURES 2. 7 and 9. the shield device 30 is preferably semi-cylindncal or arcuale- 
shaoed in the transverse cross-sectional dimension to reflect the impinging field back toward the antenna thereof. 
100391 Tissue ablation can thus be more strategically controlled, directed and perfomned without concern for 
undesirable ablation of other adjacent tissues which may othenwise be within the electromagnetic ablation rat«e 
Snremana ing from the antenna. In other words, any other tissues surrounding the penpheral sides of»e 
7^inL^M^ areo^of line of the window portion of the cradle will not be sub ected to the directed d«*c 
fied and thus not be ablated. This ablation instrument assembly is particulariy suitable for ablation proceduRS 
requiring accurate tissue ablations such as those required in the MAZE III procedure above-mentioned. 
100401 Briefly, it will be appreciated that the phrase "peripheral area immediately surrounijing the antema is 
defined as the immediate radial transmission pattern of the antenna which is within the electromagnetic ablaton 
ranqe thereof when the shield assembly is absent. 

100411 The shield device 30 is preferably composed of a high conductivity metal to provide supenor micrwwe 
reflection The walls of the shield device 30. therefore, are substantially impenetrable to the passage of micro«««s 
ernanatinq from the antenna 28 to protect a backside of the antenna assembly from microwave exposure M«e 
sScally Xn an incident electromagnetic wave originating from the antenna reaches me conductive shield d«n» 
I surface current is induced which in turn generates a responsive electromagnetic field that w.l interfere wrth tet 
fncldent field Consequently, this incident electromagnetic field together with the responsive electromagnetii: fi-d 



within the shield device 3Q|^| antenna assembly 26 cancel and are thus negl^^ 

I?ffh^K • ^^^^^^^ 2^^M>est illustrate that the shield device 30 is prefe^^rovided by a braided conductive 
mesh having a proximal emonductively mounted to the distal portion of the dSer conductor of the coaS cabte 
This conductive mesh is preferably thin walled to minimize weight addition to the shield asLmbly ye?prov de the 
appropnate microv^ave shielding properties, as well as enable substantial flexibility of theThil device durm 
bending movement. One particularly suitable material Is stainless steel, for exampte. having mesh w^rel wi^h I 
thickness in the range of about 0.005 inches to about 0.010 inches, and more preferably about 0 007 incher 
[0043] As mentioned an elongated microwave antenna nonnally emits an electromagnetic field substantlallv 
radially perpendicular to the antenna length which is fairly well constrained to the lengrh of thrantenna wire 

"'^^;K"°.^^"f^' *° ^'^"'^ ^'^'«'«^'"9- tf^^ 'ongltudinal leng'th of the shieW may Le 

longer than and extend beyond the distal and proximal ends of the antenna wire 28 

[0044] To maintain the electromagnetic field characteristics of the antenna during operative use even with a 
^o'' Ji!f^ ■ " 'hP""^^"* to maintain the position of a transverse cross-sectional segment of sS See 
llZtfnl! <=°^^^Pf"^'"9 transverse cross-sectional segment of the antenna wire 28. Retetive positfon change! 
between the segments may alter the radiation pattern and the radiation efficiency of the antenna AcwjrdS to 
r ncc ♦^"^^^'■f c;oss-sectional segments of the shield device relative to the correspond^g traSVse 

cross-sectional segments of the antenna wire 28. the antenna assembly 26 includes the flexible insulator 31 
preferably molded over and disposed between the shield device 30 and the antenna wire 28 insulator 31 

insulator 31 is preferably further molded to the distal portion of the metallic tubular shaft and is 
furt?p?norf^« »S'ff.^T^ an axis generally coaxial with that of the shield device 30. The insulator 31 

Sd?hP «^pnr« 9ft h"^?" ° decreasing the coupling between the antenna 28 and the flexible shield devici 30 
tSi^ Thf<r cnrfLi ^ too close to the conductive shield device 30, a strong current may be induced at the surface 
I • surface current will increase the resistive losses in the metal and the temperature of the cradle 
device wil increase. On the other hand, direct conductive contact or substantially close contact of the an enna^i h 
the metalhc cradle device will cause the reflective cradle device to become part of the radiat ve structure and 
begin emitting electromagnetic energy in all directions. raaiaiive structure, and 

ESiv ..nJiEfrti"H"hf°'' therefore preferably provided by a good, low-toss dielectric material which is 

thlrS.,^h M by ^microwave exposure, and thus capable of transmisston of the electromagnetic field 
therethrough, r^oreover, the insulator material preferably has a low water absorption so that it is not itsetf heated 
by the microwaves. Finally, the insulation material must be capable of substartial flexiS vyrtfhZ fSS^^^ 
breaking. Such materials include moldable TEFLON® . silicone, or polyethylene, polyimide. etc f^ctunng or 

^°K*r' »- II Pre^e^ed embodiment, the insulator 31 defines an elongated window portion 27 extendino 

substantially adjacent and parallel to the antenna wire 28. Thus, as shown in FIGURES 5 and 7-9, a longitudSal axi? 
of the antenna wire 28 IS off-set from, but parallel to. the longitudinal axis of insulator 31 in "a d^rSn tiSd 
the window^portion. This configuration positions the antenna wire 28- actively in the window portion 27 to maSS^ 

- exposure of the targeted tissue to the microwaves generated by-anterina. as Well .as°rrther"space th^ ' 

r syfficiently away from the shield device to prevent the above-mentioned eleGtri.;^ 

""^T °^ ^''^ assembly ,26'{sh6wn iri solidiUnes in .FIGURE 2 and phantom 

h^!fJL hi'^* ^Ik® P°'*'°" substantially planar and rectangular in shape. Upon bending thereof 

Sr^hi^Ln Th^? °* T'^^ 2^ "^^^ manipulated to generally conform to the surface of the tissue 2I to 

Sor^oTl7 lJ .n»htr?^^i rTI^ °^ 'T*^*'* ?^ ^ cumlinear surface 21 of a tissue 22 with full face of the window 
SntenL Lii^,^ • ^® radiation pattem atong the antenna, therefore, will not be adversely changed and the 
t!Sue 22 • '"<^^eases the efficiency and the penetration depth of the energy deliveor into K 

tho Jhiofn'"?''*-^"? h'*^ ^'^^^"^ invention, the window portion 27 is strategically sized and located 
LeS vte^LdlnSlcSR^^^^^ majonty Of the electromagnetic field generally in a predetermined direction. As 

best viewed in I^^IGURES 2. 5 and 7, the window portion 27 preferably extends longitudinally atong the insulator 31 in 
a direction substantially parallel to the tongitudinal axis thereof. The length of L aWative raSo^^ 
herefore generally constrained to the length of the antenna wire 28. and may be adjusted by either aSstina the 
leng h of the antenna wire 28. To facilitate the coupling between the coaxial cabli and the antenna wle he 
CnteTna 2Tlabou?| ^TZ^nZ f.nerally extends proximally a litHe longer thanir^roxtCl end of the 
fJn^th f . . ' I ^I"^- °" however, the window portion 27 is configured to approximate the 

St«i o^^*"^ fT^ t'^t"! f '^"^ "^^^'"^ '""dentally, as will be described in greater dItail beTow thi 
ol tSeanfrnallsL'Sly 2^^ ^° "^^"^ °' '° accommodate fSr S^ndii^l 

!S wL«^ '''^•"^of ^ best illustrate that the radiation pattem of the electromagnetic field delivered from 

iftn. P°H'°" 27 .may extend radially from about 120» to about 180°, and most preferably extend radially abou^ 

^f?,:'^}"'^ longitudinal axis of the insulator. Thus, a substantial portion of the backsidT^of the antenna 
shielded from ablative exposure of the microwaves radially generated by the Antenna in drrlctiLs suStantfal v 
perpendicular to the longitudinal axis thereof. The circumferential dimension of window portton I7 henc^ r^av S 
aoording to he breadth of the desired ablative exposure without departing from the tme spirit and nit'ura of fhe 
marSl'?raTsrHPd^^^^^ " small percentage of the electromagnetic field, unshielded by the shTeld device 

th^^inh thT H ^ ° XK-^®'' "°"-w'ndow portions of the insulator, a substantial majority will be transmitted 
SSu^rd'Se^^lE po'rn" '° '"'^^'^"^^ "^'"''"^ Characteristics which are tL^d to contact Ein 



100511 Accordingly, the i^^rmined direction of the ablative electromagngMfeld radially generated rom 
Se antenna may be substantiaWkroiled by the circumferential opening dimensio JHlength and the shape of he 
Sdow pCrtir27 Manipulatindlfshape of the antenna assembly 26 to confonri thWldow portion 9f f ^ 'V f t^e 
Tape oUhe targeted tissue surface, and positioning of window portion 27 in the desired direction foj contact w^h 
the tissue thus controls the direction of the tissue ablation without subjecting the remaining penpheral area 
immediately sun-ounding the antenna to the ablative electromagnetic field. ^ ^ ^, ... _»„K«.r „»n^«.iiw 
00521 in a preferred embodiment of the present invention, an elongated, bendable. retaining "«'"be'-. generalj^ 
Eiated 36. is'provided which is adapted for longitudinal coupling therealong ^ '"^"'f ^^^^^^^ 
Dortion 27 is manually manipulated for confomiance to the biological tissue surface to be ab ated. this bendable 
retai^nq member S^functions to retain the insulator 31 in the one position for operative ab a ion thereof As best 
vSd in FtcURES 2 5 and 7. the retaining member 36 is preferably positioned behind the shield device 30 ^ as to 
bHwe ded fron^Txpo^^ to he microwaves transmitted by antenna 28. The retaining member preferab y expends 
afong helulSth of the shield device in a direction substantially parallel to the longitudinal axis of the .nsutator 31 . 
So53] This retaining member 36 must be a ductile or bendable materi^. ye P^°^'d,?,,^"^^^"t 
beina bent to resist the resiliency of the insulator to move from a bent position (e.g., FIGURES 3 and 4) back 
torard tS'nomill position (FIGURE 2). Moreover, both the retaining member 36 and the antenna w.re 28 must not be 
c^Dosed of a material too rigid or brittle as to fracture or easily fatigue tear dunng repeated bending movement^ 
luch r^Iferials for the retaining member include tin or silver plated copper or brass, having a diameter in the range 
of about 0.020 inch to about 0.050 inches. . ^ . ,^ ui w-.iow Thi= 

m054] in a preferred fomn, retaining member 36 is molded or embedded in the moldable '"sulator This 
Sates protection of the retaining member 36 from contact with corrosive elements <^"""P ^'"^.^ 
appreciated . hlwe^ that retaining member 36 could be coupled to the extenor of the insulator longitudinally 

loossl""^' As shown in FIGURES 2 and 5. a proximal portion of the retaining member 36 is positioned adjacent and 
Entially paraHel to a distal portion of the shaft 32. Preferably, the proxirrial portion of the reteinnrig m^^^^^ 
le if rigWii affixed to the distal portion of the shaft 32 at a coupling portion 41 thereof to provide relative 
stability between the shaft and the antenna assembly 26 during bending movement. 

[0056] While such rigid attachment is preferably perfomned through soldenng. brazing, or ultrasonic welding, 
the couDlinq could be provided by a rigid, non-conductive adhesive or the like. 

he coupling P ^^^^ gg ,^ cylindrical-shaped, having a substantially unifomi transverse 

cross sectional dimension It will be appreciated, however, that other geometnc transverse cross-sec .onal 
dSsfons may appl such as a rectangular cross-section. As shown in FIGURE 9. this retaining member 36 is in the 
fo^^ of a thin r^etallic strip embedded atop the shield device 30. In this configuration, due to the relative 
onTntat^on of the antenna and the shield device 30 bending in vertical direction, will be permitted while -r^vement 
fn a laterarsde-to-side direction will be resisted. Moreover, the retaining T^ember 36 n«y not be un^rm^ 
IraftsvSs^ cross-sebtional dimensiori "tb Vpefilt varied rigidity. " and • thus vanable bending charactenstics. 
lonaitudinally along the antenna assembly.. ' " v ^ . ^ t.- • 

iS In another alternative cohftgorationv the retaining memW 36 may be incorporated into the shield dev ee , 
or the antenna itself In either of these' configurations, or a combination thereof, the shield device and/or the 
antlnna n^usrprovSe sufficient rigidity to resisT the resiliency of the insulator 31 to move from the bent position 

(e q FIGURES 3 and 4) back toward the normal position (FIGURE 2). 

00591 In accordance with the present invention, the insulator 31 defines a receiving "^'f S 
Llidina receipt of the antenna wire 28 longitudinally therein during manipulative bending of the antenna assembly 26 
if ^st vtewed in FIGURES 5 and 6. this sliding reciprocation enables bending of the antenna assembly 26 v^^^^^ 
slSglhe antenna 28 to compression or distension during bending movement of the antenna which may ultimately 
fatigue or damage the antenna, or adversely alter the integrity of the electromagnetic field . ^, . , ,, . . 
[00601 such displacement is caused by the bending movement of the antenna ^^^^"^'j'y P;:'°'^"y/i'°^^ 
retaininq member 36 For example, as shown in FIGURE 7, during concave bending movement (FIGURES 2 and 5) or 
convex bSiq mov^^^ (FIGURE 8) of the window portion 27 of the antenna assembly 26, the pivotal or bend ng 
^e^^^S^o^oT^iA i^B longitudinal axis of the reteining member 36. Accordingly upon concave bending 
movlmen ^ he window portion 27 (FIGURES 2 and 5). the length of the receiving passage 37 shortens. This is due to 
mrfarf Lt the insulator 31 compresses at this portion thereof since the receiving passage 37 ,s positioned along 
he ilfntSr onher^in^g member. Essentially, the radius of curvature of the receiving Passage 37 is now 
eLThan the radius of culture of the outer retaining member 36. However, the longitudinal length of the antenna 
Sslldlabljretefned in the receiving passage 37 will remain constant and thus slide ^"V^"J° ^^-^^'^f^^^^^^^^^ 
rooen m contrast, upon convex bending movement of the window portion 27 (FIGURE 8) the length of the 
eJeiv ng passage 37 distends since the receiving passage 37 will be positioned °" the radial extenor o^^^^^ 
retelnino member 36 In this situation, the radius of cun^ature of the receiving passage 37 will now be greater than 
thl raJuroT curvature of the oute^ retaining member 36. Consequently, the distal end of the antenna slides 

ZtT'^^PrJ:^^^ the receiving passage is about 50/. to about lOV. 'ar^- than that of ^ 

antenna wire 28. This assure uninterfered sliding reciprocation therein during bending movement ?fthe antenna 
Sser^bly 26 Moreover, the proximal end of the receiving passage 37 need not commence at the P«'x.>ral end^^^^ 
Interna wire 28 For instance, since the displacement at the proximal portion of the antenna wire 28 is substantially 
fe^ than the displacement o the antenna wire 28 at a distel portion thereof, the proximal end of the receiving 



passage 37 may commei^feout 30% to about 80% from the proximal end o^^^ntenna wire 28. The distal end of 
the receiving passage 37^ne other hand, preferably extends about 30% t^^Mit 40% past the distal end of the 
antenna wire 28 when thg^enna assembly is in the normal unbent position/Asabove-indicated. this space in the 
receiving passage 37 beyond the distal end of the antenna 28 enables reciprocal displacement thereof during concave 
bending movement. ^ y ^unucavtf 

[0063] To assure that the distal end of the antenna 28 does not pierce through the relatively soft flexible 
insulating matenal of the insulator 31, during bending movement, the tip portion thereof may be rounded or blunted In 
fi?.?JMDEfe o^"?*l^ the receiving passage 37 may be completely or partially lined with a flexible tube device 38 
(FIGURES 2 and 5-7) having a bore 39 formed and dimensioned for sliding longitudinal reciprocation of ttie antenna 
distal end therein. The walls of tube device 38 are preferably relatively thin for substantial flexibility thereof 
yet provide substantiaHy more resistance to piercing by the distal end of the antenna 28. Moreover, the materia! 
composition of the tube device must have a low loss-tangent and low water absorption so that it is not itself 
affected by exposure to the microwaves. Such materials include moldable TEFLON® and polylmide, polyethylene etc 
[0064] Referring now to FIGURES 8 and 9, a restraining sleeve, generally designated 40. is provided' which 
substantially prevents convex bending movement of the retaining member 36 at the proximal portion thereof At this 
coupling portion 41. where the retaining member 36 and the shield device 30 are mounted to the distal portion of the 
shaft 32. repeated reciprocal bending in the convex direction may cause substantial fatigue of the tond and 
ultimately fracture. The restraining sleeve 40. thus, preferably extends longitudinally over the coupling portion 41 
to noamtain the integrity of the coupling by preventing strains thereon. Essentially, such convex bending movement 
will then commence at a portion of the antenna assembly 26 distal to the coupling portion. 

[0065] The restraining sleeve 40 includes an arcuate shaped base portion 42 removably mourtoJ to and 

fif^!?iX conforming with the circumferential cross-sectional dimension of the proximal portion of the insulator 

V i^J^^^^S)' '^^'^^^^ '® antenna assembly and/or the shaft to provide protective 

stability over the coupling portion 41 . f f- wiei^uve 

[00661 A finger portion 43 extends distally from the base portion 42 in a manner delaying the commencement of 
convex bending of the antenna assembly to a position past the distal end of the finger portion 43. Consequentiv anv 
strain upon the coupling portion 41 caused by convex bending movement of the antenna assembly is elimiSed. 
[0067] In another embodiment of the present invention, the microwave ablation instrument 20 ndudes an 
elongated grip member 45 having a distal grip portion 46 and an opposite proximal portion 47 coupled to a distal 
portion of the antenna assembly 26. As best illustrated in FIGURES 10 and 11. the grip member 45 andflie handle 
member 23 of the ablation instrument 20 cooperates to selectively bend the flexible antenna asserrtHy 26 and 
selectively urge the window portion 27 into abutting contact with the biological tissue surface to be ^ed For 
example, this application is particulariy useful when the targeted tissue surface Is located at a rear psdfon of an 
.^'^^^^ ^ illustrates that, during open procedures, the elongated grip member 45 mayae passed 
aroaod the backside of the organ until the window- portion 27 of the antenna -assembly Jsjmoved into abbtaa'contact 
. . jvith the targeted tissue surface 21: Subsequently, the handle member 23 at one 'encJ^dfi^i^^^^^^ 
: the grip .merober 45 at the other end thereof are manually gripped- and manipulated.-to- urge the wiritJow toto 27 into - 
ablative contact with the targeted tissue surface. -i .i;^Cv i v mn^'J^-: -^' - c 

[0068] This configuration is beneficial in that the window portion 27 is adapted to- bonlfbrfe i ihe^ss^ 
surface upon manual pulling of the grip member 45 and the handle member 23. As the flexible antenna wemblv 26 
contacts the targeted tissue 22. the window portion 27 thereof is caused to confomi to the periphery effie tissue 
surface. Continued manipulation of the grip member 45 and the handle member 23 further urge bente contact 
Accordingly, this embodiment will not require a retaining member for shape retention. 

[0069] The elongated grip member 45 Is provided by a substantially flexible rod having a diameter»ller than 
the diameter of the Insulator 31. Such flexibility enables manipulation of the rod to position Its distdnd behind 
a targeted biological tissue 22. Once the distal grip portion 46 of the grip member 45 is stmng undem«*orqan 22 
or the like, the distal grip portion 46 may be gripped to pull the antenna assembly 26 behind the w 22 for 
ablation of the targeted tissue. lui 

[0070] It will be appreciated, however, that the rod 45 should not be substantially more flexibleftn that of 
the antenna assembly. This assures that the window portion 27 of the insulator 31 will be caused to ootoi to the 
curvilinear surface of the targeted tissue 22. as opposed to the mere bending of the flexible rod 45. SlAmaterials 
for the flexible rod 45 includes Pebax filled with silicone and polyethylene, polyurethane, etc. 

[0071] To mount flexible rod 48 to the ablation instrument 20, the antenna assembly 26 includewmountinq 
portion 48 extending distally from the insulator 31. This mounting portion 48 is preferably integrally toed with 
the insulator 31 and is of a sufficient length to enable the proximal portion of flexible rod 45 to temtearallv 
molded thereto without interference with the shield device 30 and/or the antenna wire 28. ^ ^ 

[0072] In the prefen-ed embodiment, a longitudinal axis of the flexible rod 45 is off-set from theftnitudinal 
axis of the insulator 31 in the direction toward the window portion 27. As viewed In FIGURE life off-set 
preferably positions the longitudinal axis of the flexible rod proximately in co-axial alignment with Itantenna 
This arrangement facilitates alignment of the window portion 27 against the targeted tissue 22 as the giwonber 45 
and the handle member 23 are manipulated to conform the window portion 27 with and against the tissuwface 21 
Due to the off-set nature of the flexible rod 45. when the antenna assembly and the rod are tightenetound the 
biological tissue 22, the antenna assembly 26 Is caused to rotate about its longitudinal axis toward Mentation 
of least resistance (I.e.. a position where the flexible rod 45 is closest to the biological tissue 22) 
[0073] Additionally, as shown in FIGURE 12, the handle member 23 may be elongated and substarYHiPfexible in 



a manner similar to the elongat^^b member 45. !n another embodiment of the presjj^ention, the handle member 
23 Includes a proximal grip poi^^pD and an opposite distal portion 51 coupled to ^^pimai portion of the antenna 
assembly 26. Thus, the flexible^PSle member 23 and the flexible grip member 45 ^Iferate to selectively bend the 
flexible antenna assembly 26 and selectively urge the window portion 27 into abutting contact with the biological 
tissue surface to be ablated. As another example, this application is particularly useful for creating long 
continuous linear lesions (E.g., to enclose the pulmonary veins when treating atrial fibrillation or the like). The 
flexible handle member 23 at one end of the ablation instalment, and the flexible grip member 45 at the other end 
5 thereof are manually gripped and manipulated to urge the window portion 27 into ablative contact with the targeted 
tissue surface. This can be performed by simply sliding the antenna assembly 26 by pulling either the flexible grip 
member 45 or the flexible handle member 23 to position the widow portion 27 against the tissue. Moreover, this can be 
used to slightly overlap the lesions to generate a long continuous lesion without gaps, easily end the targeted 
tissue surface is located at a rear portion of an organ or the like. 

[0074] The elongated flexible handle member 23 is preferably provided by a substantially flexible coaxial cable 
appropriately coupled to the transmission line. In some instances, the handle member 23 may simply be an extension of 
the transmission line. 

[0075] Preferably, the flexible coaxial cable handle member 23 is covered by a plastic sleeve such as Pebax. PE 
Polyolifin, etc. Such dual flexibility enables increased manipulation of both the gripping member and the handle 
member.' To mount flexible handle member 23 to the antenna assembly 26, the distal portion thereof is preferably 

15 integrally fonmed with the insulator 31 

[0076] Similar to the gripping member 45, a longitudinal axis of the flexible handle member 23 is off-set from 
the longitudinal axis of the insulator 31 in the direction toward the window portion 27. As viewed in FIGURE 12, this 
off-set. together with the same off-set of the gripping member, preferably positions the longitudinal axis of the 
handle member proximately in co-axial alignment with the antenna. This arrangement facilitates alignment of the 
window portion 27 against the targeted tissue 22 as the grip member 45 and the handle member 23 are manipulated to 

20 confonn the window portion 27 with and against the tissue surface 21. Due to the off-set nature of the flexible rod 
45, when the antenna assembly and the rod are tightened around the biological tissue 22, the antenna assembly 26 is 
caused to rotate about its longitudinal axis toward an orientation of least resistance (i.e.. a position where the 
flexible rod 45 is closest to the biological tissue 22). 

[0077] In still another aspect of the present invention, a method is provided for treatment of a heart including 
providing a microwave ablation instrument 20 having a flexible antenna assembly 26 defining a window portion 27 
enabling the transmission of a directed electric field therethrough in a predetermined direction. By selectively 
bending the flexible antenna assembly 26 to one of a plurality of contact positions, the window portion 27 can be 
generally conformed to the shape of the targeted biological tissue 22 surface to be ablated. The method further 
includes manipulating the ablation instmment 20 to strategically position the conformed window portion 27 into 
contact with the targeted biological tissue surface 21; ,and= generating the electric field sufficiently strong to 
.30 cause tissue ablation to the targetedrbiplp^icar tissue suri^ace21> r 

[0078] More preferably, this method is directed toward medically refractory atrial fj|3rill^ation of the heart. By 
repeating the bending, manipulating ^and:: generating events, a plurality of strategically positioned ablation lesk)ns 
can be accurately fonned in the heart. Collectively, these lesions are formed to create a predetermined conduction 
pathway between a sinoatrial node and an atrioventricular node of the heart, or to divide the left and/or right 
atrium in order to avoid any reentry circuits. 
35 [0079] These techniques may be prefomned while the heart remains beating, such as in a minimally invasive heart 
procedure, while the heart is temporarily arrested, such as when the heart is stabilized for about 20 or 30 seconds 
during a cabbage procedure, or while the heart is an-ested. such as in an open heart surgery. Moreover, these 
procedures may be applied to ablate the endocardium as well as the epicardium in order to treat atrial fibrillation, 
throughout the bending, manipulating and generating events. Moreover, the repeated events of bending, manlpulaling 
and generating are applied in a manner isolating the pulmonary veins from the epicardium of the heart. 
[0080] Although only a few embodiments of the present inventions have been described in detail, it should be 
understood that the present inventions may be embodied in many other specific forms without departing from the spirit 
or scope of the inventions. 

[0081] Particulariy, the invention has been described in terms of a microwave ablation instrument for cardac 
applications, however, it should be appreciated that the described small diameter microwave ablation instmment could 
45 be used for a wide variety of non-cardiac ablation applications as vyell. 

[0082] It should also be appreciated that the microwave antenna need not be a linear antenna. The concepts of 
the present invention may be applied to any kind of radiative structure, such as a helical dipole antenna, a printed 
antenna, a slow wave antenna, a lossy transmission antenna or the like. Furthermore, it should be appreciated tiat 
the transmission line does not absolutely have to be a coaxial cable. For example, the transmission line may be 
provided by a stripline, a microstrip line, a coplanar line, or the like. 
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Claims 

1. A flexible microwave antenna assembly for a surgical ablation instrument adapted to ablate a surface of a 
biological tissue, said ablation instrument including a transmission line having a proximal portion suitable for 
connection to an electromagnetic energy source, said antenna assembly comprising: 



a flexible antenr^^^jpled to the transmission line for radially g^^Hng an electric field sufTiciently 
strong to cause ti J^HnDlation; 



a flexible shield device coupled to said antenna to substantially shield a surrounding area of the antenna 
from the electric field radially generated therefrom while permitting a majority of the field to be directed 
generally In a predetermined direction; and 

a flexible insulator disposed between the shield device and the antenna, and defining a window portion 
enabling the transmission of the directed electric field in the predetermined direction, 

wherein said antenna, said shield device and said insulator are formed for selective manipulative bending 
thereof, as a unit, to one of a plurality of contact positions to generally conform said window portion to 
the biological tissue surface to be ablated. 



2. The microwave antenna assembly according to claim 1 wherein, 

a proximal end of said antenna is operably* coupled to a distal end of an inner conductor of said 
transmission line, and 

a pmximal end of said shield device is operably coupled to a distal end of an outer conductor of said 
transmission line. 



3. The microwave antenna assembly according to claim 1 wherein, 

a longitudinal axis of said antenna is off-set from a longitudinal axis of said insulator to position said 
antenna substantially proximate to and adjacent said window portion. 

4. The microwave antenna assembly according to claim 2 wherein, 
said shield device includes a flexible braided metallic strip. 

5. The microwave antenna assembly according to claim 4 wherein, 

said shield device is In the shape of a semi-cylindrical shell having a longitudinal axis generally co-axial 
with a longitudinal axis of said insulator 

6: The mlci-owave ahtehn^^^ - - / • ;- o\^ q V: . = , : 

' ' ; said Insula^^^ is cornpobed of a dielectric rriaterial adapted to minimize the enei'gy transfer between the^ - 
' feiettrbririagheiticv^ , '^^'jjf:: jni; 

7. The microwave antenna assembly according to claim 1 wherein, 

said insulator defines a receiving passage formed for sliding receipt of said antenna longitudinal therein 
during manipulative bending of the antenna assembly. 

8. The microwave antenna assembly according to claim 7 further including: 

a tube device positioned in said receiving passage proximate the distal end of said antenna, and having a 
bore formed and dimensioned sliding longitudinal reciprocation therein of at least the distal end of said antenna. 

9. The microwave ablation instrument according to claim 7 further including: 

an elongated, bendable, retaining member coupled longitudinally therealong to said insulator in a manner 
enabling the insulator to retain the one contact position after manipulative bending thereof for said .conformance 
of the window portion to the biological tissue surface to be ablated. 

10. The microwave antenna assembly according to claim 1 further including: 

an elongated, bendable. retaining member coupled longitudinally therealong to said insulator in a manner 
enabling the insulator to retain the one contact position after manipulative bending thereof for said conformance 
of the window portion to the biological tissue surface to be ablated. 

11. The microwave antenna assembly according to claim 9 wherein, 

said retaining member is disposed longitudinally along said Insulator, and on one said of said shield device, 
and 

said antenna is disposed on an opposite side of said shield device, longitudinally along said insulator, and 
between the shield device and the window portion. 



f itiui uwavc CI. .i^....*-a|^fcb!y according to claim 11 wherein, J^^^ 

a longitudinal axis antenna is off-set from a longitudinal axis insulator to position said 

rn^Ro and adjacent said window portion. 



12. The microwave antenna a 

a longitudinal axis i^^^ 

antenna substantially proximaWo and adjacent said window portion. 

13. A microwave ablation instalment adapted to ablate a surface of a biological tissue comprising 

a handle member formed for manual manipulation of said ablation instrument; 



10 



an elongated transmission line coupled to said handle member, and having a proximal portion suitable for 
connection to an electromagnetic energy source; and 

a flexible antenna assembly coupled to said handle member and to the transmission line, and adapted to 
transmit an electric field out of a window portion thereof sufficiently strong to cause tissue ablation 
said antenna assembly being fomried for selective manipulative bending thereof to one of a pkjrality of 
contact positions to generally conform said window portion to the biological tissue surface to be ablated. 
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14. The microwave ablation instrument according to claim 13 wherein, 
said antenna assembly includes: 

a flexible antenna coupled to the transmission line for radially generating said electric field; and 



a flexible shield device to substantially shield a sunrounding radial area of the antenna from the electric 
field radially generated therefrom while pemnitting a majority of the field to be directed generally in a 
20 predetermined direction. 

15 The microwave ablation instrument according to claim 13 wherein, 

said antenna assembly further includes a flexible insulator disposed between the shield device and the 
antenna and defining said window portion enabling the transmission of the directed electric field in the 
25 predetermined direction, said antenna, said shield device and said insulator being fomried for selective 

manipulative bending thereof, as a unit, to said one of a plurality of contact positions. 

16 The microwave ablation instrument according to claim 26 wherein, 
' a longitudinal axis of said antenna is off-set from a longitudinal axis of said insulator to • position . said 

rfptenna splD^tanfially proximate to and adjacent s^^^^ ' - V ^' 

17. The microwave ablation instrument according to cM^^ ; '; ;' '*■' . ■ 

'• ' * safd shield device includes a flexible braided metal iVc 'strip': ' - - -'-^ 

18 The microwave ablation instrument according to claim 15 wherein, 
said insulator defines a receiving passage formed for sliding receipt of said antenna longitudinal therein 

during manipulative bending of the antenna assembly. 

19 The microwave ablation instalment according to claim 15 further including: 
a tube device positioned in said receiving passage proximate the distal end of said antenna, and having a 

bore formed and dimensioned for sliding longitudinal reciprocation therein of at least the distal end of said antenna. 

20 The microwave ablation instrument according to claim 19 further including: 

an elongated bendable, retaining member coupled longitudinally therealong to said insulator in a manner 
enabling the insulator to retain the one contact position after manipulative bending thereof for said conformance 
of the window portion to the biological tissue surface to be ablated. 

21 The microwave ablation instrument according to claim 1 5 further including: 

an elongated, bendable, retaining member coupled longitudinally therealong to said insulator in a manner 
enabling the insulator to retain the one contact position after manipulative bending thereof for said confomnance 
of the window portion to the biological tissue surface to be ablated. 

en 22 A method for treatment of a heart comprising: 

providing an ablation instrument having a flexible antenna assembly defining a window portion enabling the 
transmission of a directed electric field therethrough in a predetermined direction; 
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selectively bending the flexible antenna assembly to one of a plurality of contact positions to generally 
confomi the shape of said window portion to the targeted biological tissue surface to be ablated; 



manipulating the^^Hon instmment to strategically position tlie cc^^Bed window portion into contact 
with the targeted ^fpcal tissue surface; and 



generating the electric field sufficiently strong to cause tissue ablation to the targeted biological tissue surface. 

23. The method of claim 22, wherein 

said flexible antenna assembly includes: 

a flexible antenna for radially generating the electric field; 

a flexible shield device coupled to said antenna to substantially shield a surrounding area of the antenna 
from the electric field radially generated therefrom while permitting a majority of the field to be directed 
generally in the predetermined direction; and 

a flexible insulator disposed between the shield device and the antenna, and defining said window portion 
enabling the transmission of the directed electric field in the predetermined direction. 



24. The method of claim 23, further including: 

repeating the bending, manipulating and generating events to form a plurality of strategically posifioned 
ablation lesions. 

25. The method of claim 23, further including: 

an elongated, bendable, retaining member coupled longitudinally therealong to said insulator in a manner 
enabling the insulator to retain the one contact position after manipulative bending thereof for said confomance 
of the window portion to the biological tissue surface to be ablated. 

26. A method for ablating medically refractory atrial fibrillation of the heart comprising: 

providing an ablation instrument having a flexible antenna assembly adapted to generate an electric field 
sufficiently strong to cause tissue ablation, said antenna assembly defining a window portion enabling the 
transmission of the electric field therethrough in a predetermined direction; 

selectively bending and retaining the flexible antenna assembly in one of a plurality of contact posfons 
to generally conform the shape pf said vyindow portion to the targeted biological tissue surface to be ablated; 

manipulating the ablation instrument to strategically position the corifoiTTied window portion into oantact 
with the targeted biological tissue surface; and 

forming an elongated lesion in the targeted biological tissue surface through the generation of the efectric 
field by the antenna assembly. 



27. The method of claim 26, wherein 

said flexible antenna assembly includes: 

a flexible antenna for radially generating the electric field; 

a flexible shield device coupled to said antenna to substantially shield a surrounding area of the aiteina 
from the electric field radially generated therefrom while permitting a majority of the field to be dinted 
generally in the predetermined direction; and 

a flexible insulator disposed between the shield device and the antenna, and defining said window 06on 
enabling the transmission of the directed electric field in the predetermined direction. 



28. The method of claim 27, further including: 

repeating the bending, manipulating and generating events to form a plurality of strategically posttned 
ablation lesions and/or to divide the left and/or right atria to substantially prevent reentry circuits. 

29. The method of claim 28, wherein 

the lesions are formed to create a predetermined conduction pathway between a sinoatrial node aiian 
atrioventricular node of the heart. 
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